Abstract Objective: The purpose of this study was to evaluate the role of computed tomography in different encountered non-renal, non-biliary acute abdominal disorders using 64-multislice technology. Subjective and methods: Over two years, a total of 500 patients having different acute abdominal disorders were encountered from those attending big trauma and emergency center and were retrospectively studied in this work. Each patient was thoroughly asked about the detailed clinical history after reviewing the referring imaging request and laboratory findings, except for noncooperating patients. Exclusion criteria for CT were as follows: severe previous allergic reactions to iodine contrast media, renal insufficiency (creatinine level, >120 lmol/L or P1.5 mg/L) and hemodynamic instability. All patients with clinically proven acute biliary or renal colic were also excluded from the study (U/S was the frontline imaging modality). CT examination was performed using a 64-multislice CT machine. Results: CT examination was performed in a total of 500 patients. The average age of the patients was 45 yrs (range: 20-71 yrs) and nearly two thirds of the patients were male. All patients had severe abdominal pain. Fifty patients were alcoholic and 60 were diabetic. T.B. was seen in 10 patients and AIDS in one patient. Fever and constitutional symptoms were seen in 100 patients. Vomiting and/ or constipation were seen in the majority of the patients. Acute pancreatitis, acute appendicitis, intestinal obstruction, perforated duodenal ulcer, peritonitis, diverticulitis, aortic dissection, aortic aneurysm, retroperitoneal infective fasciitis, torsion ovarian cyst and hemorrhagic adrenal tumor were the different acute abdominal disorders encountered in this work. Conclusion: Multidetector CT provides an excellent means to detect a number of acute abdominal disorders and allows rapid assessment with high diagnostic accuracy. Communication with the referring physicians in the emergency department is the cornerstone of patient's management. Using a 64-multislice scanner with a short scanning time and a minimum slice thickness, a high diagnostic accuracy is achieved with high resolution, excellent sagittal and coronal reformation, and minimum artifacts.
were the different acute abdominal disorders encountered in this work. Conclusion: Multidetector CT provides an excellent means to detect a number of acute abdominal disorders and allows rapid assessment with high diagnostic accuracy. Communication with the referring physicians in the emergency department is the cornerstone of patient's management. Using a 64-multislice scanner with a short scanning time and a minimum slice thickness, a high diagnostic accuracy is achieved with high resolution, excellent sagittal and coronal reformation, and minimum artifacts.
Ó 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Introduction
The term acute abdomen refers to any clinical condition characterized by severe abdominal pain that develops over a period of hours. Rapid, accurate diagnosis is essential if morbidity and mortality are to be significantly decreased. Clinical assessment is often difficult, and laboratory and conventional radiologic findings are often nonspecific. The development of cross-sectional imaging has had a tremendous impact on the diagnosis and treatment of acute abdomen [1] [2] [3] .
Rapid and accurate diagnosis is essential for the appropriate management of acute abdominal and pelvic conditions in the emergency department. Emergent abdominal surgical procedures account for approximately 53% of all non-trauma related surgical interventions performed in the acute care setting [4] .
Helical computed tomography (CT) allows rapid, cost-effective evaluation of patients with acute abdominal pain. Tailoring the examination to the working clinical diagnosis by optimizing constituent factors (e.g., timing of acquisition, contrast material used, means and rate of contrast material administration, collimation, and pitch) can markedly improve diagnostic accuracy. Rapid (P3 mL/s) intravenous injection of contrast material is required for the optimal assessment of acute pancreatitis, ischemic bowel, aortic aneurysm, and aortic dissection. Helical CT with 5-mm collimation through the lower abdomen and pelvis is used to evaluate patients with suspected diverticulitis. Use of both oral and intravenous contrast materials can help localize small bowel perforation and characterize related complications. Tailored helical CT for the assessment of abdominal hemorrhage consists of initial unenhanced CT followed by optional contrast material-enhanced CT. Clear communication between the radiologist, the patient, and the referring physician is essential for narrowing the differential diagnosis into a working diagnosis prior to helical CT [5] .
The purpose of this study was to evaluate the role of computed tomography in different encountered non-renal, non-biliary acute abdominal disorders using 64-multislice technology.
Subjects and methods

Patient population
Over 2 years, a total of 500 patients having different acute abdominal disorders were encountered from those attending big trauma and emergency center and were retrospectively studied in this work. Each patient was thoroughly asked about the detailed clinical history after reviewing the referring imaging request and laboratory findings, except for non-cooperating patients. Exclusion criteria for CT were as follows: severe previous allergic reactions to iodine contrast media, renal insufficiency (creatinine level, >120 lmol/L or P1.5 mg/L) and hemodynamic instability. All patients with clinically proven acute biliary or renal colic were also excluded from the study because the ultrasound (U/S) was the frontline imaging modality.
Patient preparation
The patients fasted for about 4 h before the appointment to minimize gastric upset when the contrast media is injected during scanning. Depending on the patients' condition and provisional diagnosis, oral contrast was given to the patients 2-4 h before the exam during their stay in the emergency department. Patients with a high suspicion of viscous perforation or those who could not drink contrast were submitted first for plain CT without oral contrast. Hydration was recommended without solids -4 h prior to the exam.
Technique
Patient positioning and preparation for scanning
Patients were positioned on the CT examination table in the supine position. Intravenous access via a large intravenous line (e.g., 18-20 gauges) was necessary to ensure easy injection of the viscous contrast agents at a flow rate of 3-4 mL/s. Patients were prepared for the sensations experienced from the injection of the contrast agents except for non-cooperating patients.
A bolus of saline following the iodinated contrast media injection may reduce the volume of contrast media required to achieve adequate vascular opacification.
Scan setup
Prior to the scan, patients were practiced the breathing instructions. Patients were instructed to take a breath in and hold it for a while then breathe out making sure to watch the movement of the chest and abdomen while holding the breath. In non-cooperating patients, the scan was done without breathing instructions.
Conscious patients had been informed that during the helical scan they will be receiving an injection of contrast, which may make them feel very hot. This is normal and they should not panic.
Scan parameters
CT abdomen protocol was created (Table 1) . Once patient preparation was completed, there were four steps to acquire data for the CT. The use of automated triggering software is based on monitoring of the attenuation within the vessel of interest by the CT scanner following initiation of the full dose of contrast media injection. When the enhancement in the vessel reached a predetermined operator selected level, the CT machine automatically started after 60-70 s giving the so called portal or portovenous phase. For suspected vascular pathology, arterial phase 20-25 s after contrast initiation was used and the chest was included. Table 2 ). The administration of iodinated contrast media for the CT abdomen was ideally performed with a minimum flow rate of 3 ml per s in any patient weighing 50 or more kilograms. Higher flow rates up to 5 ml per s or greater were required for larger patients. Therefore, contrast injection parameters should be modified on an individual patient basis whenever necessary.
Contrast injection protocol (
2.3.3.4. CT scanning. This is the final scan before transferring images to the workstation. When the scan was completed, the images were quickly checked. It should cover the complete abdomen and pelvis with included lung bases. The first (superior) image location should be at mid chest. The last (inferior) image location should be below the symphysis pubis. The whole chest and abdomen were included in the case of suspected vascular pathology or detected during the routine CT examination.
Image evaluation
Axial images were transferred to the diagnostic workstation and were reconstructed for each patient and analyzed for motion artifacts. Both axial images and multiplanar reformatted (MPR) images were instrumental in detecting abdominal abnormality. Although two-dimensional and three-dimensional reformatting techniques such as maximum intensity projection, multiplanar reformation, and volume rendering (VR) may facilitate interpretation and improve communication with referring physicians, axial images still remain the cornerstone of the evaluation, as virtually all pathologies can be recognized. (Table 3) CT examination was performed in a total of 500 patients. The average age of the patients was 45 yrs (range: 20-71 yrs) and nearly two thirds of the patients were male. All patients had severe abdominal pain. Ninety patients were alcoholic and 60 were diabetic. T.B. was seen in ten patients and AIDS in one. Fever and constitutional symptoms were seen in 100 patients. Vomiting and/or constipation were seen in the majority of patients.
Results
Baseline clinical details
CT findings of different encountered acute abdominal disorders
Acute pancreatitis, acute appendicitis, intestinal obstruction, perforated duodenal ulcer, peritonitis, diverticulitis, aortic dissection, aortic aneurysm, retroperitoneal infective fasciitis, torsion ovarian cyst and hemorrhagic adrenal tumor were the different acute abdominal disorders encountered in this work (Table 4) .
Acute pancreatitis
One hundred patients had one attack of acute pancreatitis while 50 patients had recurrent attacks. Serum amylase was high in all patients and nearly all patients with recurrent pancreatitis were alcoholic. Pancreatic calcification was seen in 30 patients with recurrent pancreatitis. Diffuse pancreatic enlargement with altered parenchymal density, blurred peripancreatic fat planes and peripancreatic inflammatory fluid collection were seen in all patients encountered with phlegmon seen in most patients. The inflammatory free fluid collection was seen in the peripancreatic, lesser sac, anterior pararenal and peritoneal spaces. Splenic artery pseudo-aneurysm was seen in one patient with recurrent pancreatitis (Fig. 1 ). Portal vein thrombosis was seen in one patient with first attack acute pancreatitis. Pleural effusion and basal lung consolidation were seen in 2/3 of the patients.
Acute appendicitis
Two hundred patients were encountered with acute appendicitis, 10 of them showed appendicular mass/abscess (Fig. 2) . Dilated fluid-filled appendix, periappendiceal inflammation and enhancement of the appendiceal wall following intravenous bolus administration were seen in all patients with acute appendicitis. Calcified appendicoliths were seen in 10 patients (Fig. 3 ).
Intestinal obstruction
Intestinal obstruction was seen in 40 patients, 10 of them had large bowel obstruction. Arterial small bowel ischemia was seen in four patients (Fig. 4) , venous small bowel ischemia in three patients (Fig. 5 ), small bowel intussusceptions in two patients (Fig. 6 ), inflammatory bowel disease in five patients (Fig. 7) . Adhesive small bowel obstruction was seen in 20 patients with previous abdominal surgery and no definite pathology detected at the transition point. The cause of inflammation in one patient was AIDS, in two patients was Crohn's disease and in the remaining two patients was T.B. Definable transition from dilated to decompressed bowel, careful inspection of the transition point, wall thickness, bowel size and luminal contents of the bowel, and assessment of mesenteric vessels were the target points of the CT findings. Air within the bowel wall (pneumatosis intestinalis) was seen in all patients with venous and arterial ischemia but of a mild degree.
Perforated duodenal ulcer
Fifty four patients with clinically proven perforated duodenal ulcer were encountered and the diagnosis confirmed after surgery. All patients got it done without contrast and showed free air. Free air was seen along the anterior peritoneal surface of the liver (the most nondependent portion of the body), and around the duodenum and gall bladder (Fig. 8) . Free peritoneal collection was seen in all patients. The free air under diaphragm on the erect plain X-ray was negative in 14 patients.
Peritonitis
Twenty one patients presented with clinical peritonitis. All patients showed free pelviabdominal fluid collection of different degrees, peritoneal thickening and enhancement, and dilated bowel loops related to the ileus. T.B. peritonitis was proven in 10 patients with deeply seated pelvic abscess in two patients ( Fig. 9 ) and ileocecal pathology in one patient. The remaining patients (11 patients) were related to perforated appendix.
Diverticulitis
Eighteen patients with acute diverticulitis were encountered involving sigmoid (10 patients) and distal descending colon (8 patients). The CT findings were colonic wall thickening in the presence of diverticula, pericolonic fat stranding and small pericolic fluid collection. Pericolic abscess was seen in two patients. The age of all patients was above 55 years.
Aortic dissection
Four patients with aortic dissection were encountered. Stanford type A dissection, involving the whole thoracic and abdominal aorta with further extension into the iliac vessels was seen in one patient (Fig. 10) . He was 38 years old with uncertain etiology and believed to have connective tissue disorders and showed aneurismal dilatation. The dissection involved the aortic root and sinus. The coronary arteries and the great aortic branches were seen coming from the true lumen except for the right renal artery which came from the false lumen. Stanford type B dissection, involving the abdominal aorta was seen in the remaining three patients.
Aortic aneurysms
Ten patients were seen, all of them had atherosclerotic aneurysms. Mural thrombosis was seen in all patients. Two patients were above and at the level of renal arteries while the remaining ones were infrarenal in location.
Others
Three different patients were seen. The first patient was female, presented with large, predominantly right lumbar and iliac fossae, cystic mass lesion with internal septa and soft tissue component. The lesion was seen connected to the pulled up right ovary by small pedicle and was diagnosed as torsion of the pedunculated right ovarian neoplasm. The radiological findings were matched with the operative findings (Fig. 11) . The second one was a right adrenal tumor with active bleeding evidenced by contrast extravasations with moderate retroperitoneal collection (Fig. 12) . The histopathological result was hemorrhagic pheochromocytoma. The third patient revealed retroperitoneal infiltrations with uncertain etiology and was diagnosed clinically as retroperitoneal infective fasciitis.
Discussion
Rapid and accurate diagnosis is essential for the appropriate management of acute abdominal and pelvic conditions in the emergency department. Emergent abdominal surgical procedures account for approximately 53% of all non-trauma related surgical interventions performed in the acute care setting [4] . Four-quadrant screening ultrasonography (US) and computed tomography (CT) traditionally have been the dominant cross-sectional imaging modalities for evaluating acute abdominal and pelvic conditions [6] . Urban and Fishman [5] have discussed and illustrated helical CT findings in a variety of conditions that can manifest with acute abdominal pain, including those affecting the pancreas, biliary system, spleen, genitourinary tract, gastrointestinal tract, and vascular system.
In this research, 64-multislice CT was used in evaluating various conditions manifested with acute abdominal pain; most of them have been diagnosed by means of clinical, radiological, operative or histopathological assessment. CT machine was too fast with high diagnostic accuracy. The biliary and renal causes have been excluded from the research because ultrasound was the frontline modality in these disorders. There was no encountered splenic disorder. Acute pancreatitis, acute appendicitis, intestinal obstruction, perforated duodenal ulcer, peritonitis, diverticulitis, aortic dissection, aortic aneurysm, retroperitoneal infective fasciitis, torsion ovarian cyst and hemorrhagic adrenal tumor were the different acute abdominal disorders encountered in this work.
Helical CT findings in acute pancreatitis include glandular enlargement due to interstitial parenchymal edema as well as increased attenuation and stranding in the peripancreatic fat. Glandular enlargement is typically diffuse rather than focal. The pancreatic contour in acute pancreatitis may be irregular, with focal areas of decreased attenuation representing necrosis or edema. Acute pancreatitis can progress to a pathologic condition characterized by extensive phlegmon formation along with peripancreatic fluid collection, hemorrhage, peripancreatic abscess, and extraglandular fat necrosis. Pancreatic exudate most often collects in the immediate peripancreatic space, the anterior pararenal space, the lesser sac, and eventually in the peritoneum itself, with dissection pathways that include the transverse mesocolon and the mesenteric root. Helical CT offers several advantages in the evaluation of acute pancreatitis. Most importantly, it can help stage disease involvement and detect complications. Helical CT can demonstrate necrosis or hemorrhage within the pancreas itself as well as extension of the inflammatory process into contiguous organs. Thrombosis of the portal or splenic vein with collateral vessel formation is clearly depicted. Helical CT can also help detect an unsuspected, life-threatening pseudoaneurysm [5] . In this work, nearly all CT findings were encountered except for the portal vein thrombosis, pancreatic abscess or necrosis.
Acute appendicitis is one of the most common causes of acute abdominal pain. Patients present with right lower quadrant pain, nausea, and vomiting and often have an elevated white cell count. CT has long been recognized as having high diagnostic accuracy in patients with acute appendicitis. A dilated, fluid-filled appendix is the most specific helical CT finding in acute appendicitis. Calcified appendicoliths and periappendiceal inflammation are helpful secondary findings. Enhancement of the appendiceal wall is often seen following intravenous bolus administration of contrast material and is another specific sign of inflammation [5] . These findings are consistent with my results.
Multidetector CT plays a primary role in the evaluation of patients with acute small bowel obstruction for several reasons. It is a fast examination, usually does not require oral contrast material because the retained intraluminal fluid serves as a natural negative contrast agent, and it allows the assessment of extramural areas that would not be visible at contrast-enhanced studies. Finally, results of multidetector CT can provide answers to specific questions that have a major effect on the clinical treatment of the patient. These questions include the following: Is the small bowel obstructed? What is the grade of severity of the obstruction? Where is the transition point? What is the cause of obstruction? Are there any associated complications? CT criteria for small bowel obstruction are the presence of dilated small bowel loops (diameter >2.5 cm from outer wall to outer wall) proximally to normal-caliber or collapsed loops distally [7] . These findings have been used for the assessment of small bowel obstruction in this work. Intestinal obstruction was seen in forty patients, ten of them exhibited large bowel obstruction. Small bowel intussusceptions, venous small bowel ischemia, arterial small bowel ischemia, inflammatory bowel disease, malignant disease and adhesion were the causes encountered for small and large bowel obstructions.
Adhesions are the main cause of small bowel obstruction, ranging from 50% to 80% of all cases. Almost all of them are postoperative, with a minority being secondary to peritonitis. The diagnosis of small bowel obstruction due to adhesions is primarily one of exclusion because adhesive bands are not seen at conventional CT; only an abrupt change in the caliber of the bowel is seen without any associated mass lesion, significant inflammation, or bowel wall thickening at the transition point. This finding combined with a history of abdominal surgery and associated kinking and tethering of the adjacent nonobstructed bowel usually suggests the diagnosis [8] [9] [10] . The findings seen in adhesive intestinal obstruction in this study nearly match the findings of the above authors.
Acute mesenteric ischemia can be caused by various conditions such as arterial occlusion, venous occlusion, strangulating obstruction, and hypoperfusion associated with nonocclusive vascular disease, and the CT findings vary widely depending on the cause and underlying pathophysiology. CT findings of acute mesenteric ischemia should be characterized on the basis of the cause. In addition, the severity of bowel ischemia (i.e., superficial mucosal or transmural bowel wall necrosis), the location (i.e., small or large bowel), and the presence and degree of hemorrhage or subsequent superinfections may affect the CT appearance [11] .
Occlusion or stenosis of the mesenteric arterial or venous vascular supply to the bowel usually produces bowel ischemia, which subsequently causes wall thickening, resulting in small bowel obstruction. CT shows thrombosis or occlusion of the mesenteric vessels and also thickening of the bowel wall in the affected loops with non-circumferential or asymmetric wall enhancement. In advanced cases, a bowel infarct may be present, which manifests at CT as pneumatosis and air in the portal venous system [7] .
In this study, small bowel ischemia was encountered and was related to arterial and venous superior mesenteric thrombosis. The above described CT findings have been seen in the encountered patients with vascular small bowel ischemia except for air within the portal system.
CT findings in acute diverticulitis include colonic wall thickening in the presence of diverticula, pericolonic fat stranding, phlegmon, air bubbles, abscess, and dependent free fluid [5] . The CT findings of encountered patients with diverticulitis were colonic wall thickening in the presence of diverticula, pericolonic fat stranding and small pericolic fluid collection. Pericolic abscess was seen in two patients.
Helical CT is ideally suited for rapid evaluation of the abdomen in patients with acute pain from suspected perforation. Because CT is more sensitive than conventional radiography in the detection of subtle pneumoperitoneum, it is also indicated when free air is strongly suspected despite normal abdominal radiographic findings. Unenhanced CT is often performed to expedite evaluation. If possible, oral and intravenous contrast materials should be used to help localize the perforation and characterize complications including peritonitis and abscess formation. In supine CT, the anterior peritoneal surface of the liver is the most nondependent portion of the body and is often the location where extraluminal air can first be detected [5] . In my study, all perforations were related to perforated duodenal ulcers and nearly one fourth of the patients had normal chest and abdominal erect radiography. Plain CT was done in all patients without the need for oral contrast to define the site of perforation because the policy was to transfer the patients to the operating theater directly if the clinical assessment matched the CT findings.
Many neoplastic and nonneoplastic conditions frequently involve the serosal membrane. These are mainly due to secondary conditions such as metastasis or inflammation, whereas primary neoplastic or nonneoplastic conditions arising from the true serosal membrane are rare. The contribution of computed tomography (CT) for the evaluation of patients with suspected focal or diffuse lesions of the serosal membrane has been well documented [12] .
Peritoneal disease, including both neoplastic and nonneoplastic conditions, can manifest at computed tomography (CT) as either fluid accumulation within the peritoneal cavity (ascites) or as soft-tissue masses or infiltration of the various peritoneal ligaments and mesenteries [13] .
When there is diffuse infiltration of the peritoneum, omentum, or mesentery at CT, a variety of conditions--including infiltrative edema from liver cirrhosis, diffuse peritoneal tumors, and infectious peritonitis--should be considered. Distinguishing between diffuse peritoneal tumors, such as peritoneal carcinomatosis, malignant mesothelioma, or lymphomatosis, and tuberculous peritonitis is difficult because of nonspecific symptoms and overlapping imaging features [14] .
In this work, all peritonitis patients showed free pelviabdominal fluid collection of different degrees, peritoneal thickening and enhancement, and dilated bowel loops related to the ileus. T.B. peritonitis was proven in 10 patients with deeply seated pelvic abscess in two patients and ileocecal pathology in one patient. The remaining 11 patients were related to perforated appendix.
Aortic dissection is the most common acute emergency condition of the aorta and often leads to patient's death. Early diagnosis and treatment are essential for improving the prognosis. It is recommended that the scanning field includes the entire aorta and pelvic vessels to help determine the type and extent of dissection and to help detect complications early enough to improve outcome and aid in treatment planning [15] .
Four patients with aortic dissection were encountered in this study. Stanford type A dissection was seen in one patient with uncertain etiology and believed to be a connective tissue disorder. Stanford type B dissection involving the abdominal aorta was seen in the remaining three patients.
CT angiography demonstrates the wall and contents of an aneurysm, including the thrombus, thereby allowing a more accurate measurement of aneurysm size and the evaluation of morphologic features and surrounding structures [16] . Ten patients with abdominal aortic aneurysms were seen in this study, all of them were atherosclerotic aneurysms and mural thrombosis was seen in all patients.
The common CT and MR imaging features of adnexal torsion include thickening of the twisted fallopian tube, smooth thickening of the wall of the cystic ovarian mass, ascites, and uterine deviation to the side of torsion. Less common findings include hemorrhage in the thickened tube, hemorrhage within the adnexal mass, and hemoperitoneum. An associated benign ovarian cyst or benign neoplasm is seen in most cases [6] . In the only encountered patient with ovarian torsion, thickening of the right fallopian tube, mild ascites, and associated benign ovarian cystic neoplasm are the only CT findings detected.
Patients can present with pain due to acute abdominal hemorrhage in various locations, including the gastrointestinal tract, retroperitoneum, and abdominal musculature [5] . In this study, one patient with retroperitoneal hemorrhage was seen and it was related to right adrenal pheochromocytoma.
Conclusion
Multidetector CT provides an excellent means to detect a number of acute abdominal disorders and allows rapid assessment with high diagnostic accuracy. Communication with the referring physicians in the emergency department is the cornerstone of patient's management. Using a 64-multislice scanner with a short scanning time and a minimum slice thickness, a high diagnostic accuracy is achieved with high resolution, excellent sagittal and coronal reformation, and minimum artifacts.
